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THE GROUND-WATER RESOURCES OF COLUMBIA COUNTY, NEW YORK 


By THEODORE ARNOW 


ABSTRACT 


This report was prepared as part of a state-wide survey of the ground-water resources of New York being 
made by the United States Geological Survey in cooperation with the New York Water Power and Cont
ol Com- 
mission. The field work that forms the basis of the report was done intermittently from 1945 through 1947. Records 
were obtained for more than 1,000 wells and springs, and 25 water samples were collected and analyzed for chemical 
content. In addition, the geology of the area was studied, specific attention being paid to the water-bear
ng prop- 
erties of the different aquifers. 


Columbia County is in the central part of the east side of New York State, and is bounded on th
 east by 
Massachusetts and on the west by the Hudson River. It has an area of 638 square miles and in 1950 had a popula- 
tion of 43,262. The western part of the County is in the Hudson lowlands, but eastward, as the altitude increases, 
the land becomes more rugged. The eastern part of the County is a part of the Taconic Mountains. ThQ, climate 
is temperate. At Chatham the mean annual temperature is 47° F., and annual precipitation averages 38 inches 
for the period of record. 


The geology of the western part of Columbia County has been studied to a considerable extent. Less is 
known about the eastern part of the County. Almost the entire County is underlain by shale, the notable exception 
being the Harlem Valley in the eastern part of the area which is underlain by the Stockbridge limesto"'e. The 
rocks were folded and overthrust toward the west during the Taconic and Appalachian periods of orogeny f,nd those 
in the eastern part of the County were subjected to different degrees of metamorphism. Throughout the County the 
bedrock is mantled by a series of unconsolidated glacial deposits. These deposits vary in thickness at.l;aining a 
maximum of 275 feet in the western part of the County. 


Essentially all the ground water in Columbia County has its source in the precipitation on the il'1mediate 
area. The chief aquifers are the beds of shale. Ground water is recovered almost exclusively by meanf of wells 
drilled in rock but the glacial overburden, if properly tapped, will yield much large.r quantities. The average yield 
to wells from bedrock is about 6 gallons per minute, and several public-supply wells, developed in glacial sand and 
gravel, yield about 100 gallons a minute. 


Most of the wells in Columbia County are used for domestic or farm supply, and daily consumption averages 
less than 500 gallons. There is little industrial development in the County, most of it being in areas where water 
can be obtained from municipal water systems. Of the 10 public supplies in the County, 5 use ground water. The 
largest of these, at Chatham, distributes about 350,000 gallons per day. 


The chemical quality of water was found satisfactory for most uses in nearly all analyses made for ground 
water in Columbia County. Water obtained from the unconsolidated deposits in the County is generally lower in 
dissolved solids than that obtained from the consolidated rocks. The limestones in Columbia County yield the 
hardest water and spring water from a given formation tends to be softer than well water from the same formation. 
The average temperature of water from 33 wells having an average depth of 143 feet is about 49° F. The average 
temperature of 11 springs is about 51°F. 


Appended to the report are the records of 397 wells and selected well logs of 25 wells. 



INTRODUCTION 


PURPOSE AND SCOPE OF INVESTIGATION 
This report is part of a state-wide survey being made by the U. S. Geological Survey, in 
cooperation with the New York Water Power and Control Commission, to provide informatjon 
concerning the source, quantity, quality, and related aspects of the ground-water resources of tne 
State of New York. The areas in which ground-water studies have been completed and in which 
work is now in progress are shown in figure 1. A list of the published reports of the New York 
Water Power and Control Commission is given at the end of this report. In addition, individual 
reports on Schenectady, Greene, Seneca, Wayne, Washington, Dutchess, and Saratoga Counties 
are being prepared. 


METHODS OF INVESTIGATION 
Field work that forms the basis of this report was done intermittently from 1945 through 
1947. Records were obtained for more than 1,000 wells and springs and 25 water samples wl
re 
collected for chemical analysis. In addition, the rock formations and glacial deposits that are the 
immediate source of the ground water were studied. 
The locations of all wells and springs for which records are given are shown on plate 1. It 
has not been possible to check in the field the exact location of some of the sites, and these are iden- 
tified on the map according to information given by the driller, owner, or other persons. 
The wells, in general, have been numbered in order from west to east, beginning with Cb 1. 
The springs have been numbered in a separate series beginning with number Cb ISp. Although 
the prefix "Cb" signifies that the particular well or spring is in Columbia County, its use was con- 
sidered unnecessary on plate 1, as the plate covers only Columbia County. 
As an aid in r
porting a weIl or spring location anywhere in New York State, meridian lines 
at 15-minute intervals have been lettered consecutively from west to east, beginning with "A" and 
ending with "Z". Similarly, parallels of latitude have been numbered at 15-minute intervals from 
north to south, beginning with "I" and ending with "17". The intersections of the coordinates 
form points from which, by means of distance and direction, the wells and springs can be accurately 
located. For example, the location of Cb 855 as given in table 6 is 11 Y, 7.1S, 3.1E. The inter- 
section of lines 11 and Y at the northwest corner of the Kinderhook quadrangle establishes Cb E'!)5 
as being in the Kinderhook quadrangle. The exact location is determined by measuring 7.1 miles 
south and then 3.1 miles east of the point of intersection of lines 11 and Y. 
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the members of the New York State Health Department at Hudson who also provided information 
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Commerce and the Water Power and Control Commission. Thanks are offered to the many well 
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laboratory of the New York State Health Department at Albany, except for one analysis by the 
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GEOGRAPHY 


LOCATION AND CULTURE 
Columbia County is in the central part along the east margin of the State of New York. Its 
southern boundary is about 100 miles north of the city of New York, its western boundary is the 
Hudson River, and its eastern boundary, the State of Massachusetts. The County has an f'''"ea 
of 638 square miles, or 408,320 acres, and is roughly rectangular, having an east-west dimenrion 
of approximately 20 miles and a north-south dimension of about 36 miles. 
In 1950 the population of Columbia County was 43,262. Of these, 11,656 people were in 
Hudson, the County seat and the only municipality having a population of more than 2,500. The 
towns of Valatie, Chatham, Stottsville, and Philmont had populations between 1,000 and 2,500. 
Much of the land in Columbia County originally was forested, but agricultural development 
began early, progressed rapidly, and became of prime importance. In 1939, according to the New 
York State Department of Commerce, there were 3,263 persons working on 2,153 farms in the Courty, 
which produced a total of $6,945,000 worth of crops, dairy products, and livestock. Fruit, par- 
ticularly apples, amounts to approximately one-third of the total value of all agricultural produ
ts. 
In 1939 there were 58 manufacturing establishments in the County. These employed 3,091 
people who produced products valued at $14,917,000. The chief industries are the manufacture 
of textiles, paper, and allied products, and the processing of stone, sand, and glass. 
With the exception of the more rugged hill country and the mountainous areas, the County 
is well served by railroads. These are the main line and the Harlem and the Boston and Albany 
Divisions of the New York Central Railroad and the Rutland Railroad. Ships and barges on the 
Hudson River serve as freight carriers for the western part of the County and a large volume of 
freight to Albany and New York City and eastward into Massachusetts is moved by truck. 


TOPOGRAPHY AND DRAINAGE 
Columbia County includes part of the western section of the Taconic Mountains and part 
of the eastern section of the Hudson lowland, which is a northern extension of the great Appalacb ian 
Valley. The Hudson River is tidal along the entire western boundary of the County and a few 
acres of tidal marsh and made land are the lowest-lying bottom lands. The bluff that separates 
the river bottom lands and the Hudson lowland is comparatively steep but is broken in many places. 
The Hudson lowland itself is a moderately hilly area. The surface, in part, was modified dur
ng 
Pleistocene time by the scattered deposition of glacial material of different thicknesses. The preE'ent 
topography owes its existence to dissection by the Hudson River and its tributaries, and in part; to 
the differences in resistance to erosion offered by the underlying rocks. 
The higher-lying area east of the Hudson lowland consists of gently rolling slopes and valIeys 
separated by generally steep and broken uplands. This hilly area extends through the townsl'ips 
of Livingston, Gallatinville, Copake, Hillsdale, Claverack, Austerlitz, Canaan, New Lebaron, 
Chatham, and Ghent. The altitudes of the hilltops in this area range from 400 to 600 feet al,')ng 
its western edge to 800 to 1,000 feet farther east. 
East of the hill section is the Harlem Valley, which owes its existence to the comparathrely 
rapid erosion of the underlying limestone. The valley ranges in width from about 172 to !rore 
than 5 miles and extends from North Hillsdale in a southerly direction through Copake to Ancram 
toward the southwest, where it becomes narrower. A tributary valley extends from Boston Corners 
in a northerly direction to form a fork at Copake. The altitude of the valley bottom ranges from 
500 to 800 feet above sea level. The lower-lying lands are nearly flat and the up-valley slopes, 
though occasionally steep, are for the most part gentle and gradual. The valley is bordered on 
both sides by steep and mountainous lands. 
North of Flatbrook and Canaan Center is a double-pronged valley, about half of which exte'1ds 
into Rensselaer County. This lowland, though at a somewhat higher altitude, is very similar to 
the Harlem Valley and was also formed in an area of comparatively soluble limestone. 
The eastern border of the County is near the crest of the Taconic Mountain range. Tb
se 
mountains include the areas of greatest relief in the County and have a maximum altitude of nef\rly 
2,000 feet above sea level. 
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A small part of the eastern section of the County is drained by the Housatonic River but 
the remainder is drained by the Hudson River and its tributaries, including the Roeliff Jansen Kill, 
Kinderhook, and Claverack Creeks. 
A stream-gaging station is maintained on Kinderhook Creek at Rossman by the Surface 
Water Branch of the Geological Survey. Records of the flow of Kinderhook Creek at ROSSInan are 
available for the periods 1906-09, 1911-14, and 1928-50. Records of stream flow are publi
hed in 
annual water supply papers entitled, "Surface water supply of the United States." Current meas- 
urements are on file at the office of the U. S. Geological Survey, Surface Water Branch, Albany, N. Y. 


CLiMA TE 
Columbia County has a temperate climate that is marked by seasonal extremes of heat and 
cold. There is a regional variation of temperature and precipitation between the hill section in 
the eastern part of the County and the valley lands along the Hudson River. Meteor1logical 
records collected by the U. S. Weather Bureau are available for the Chatham Station for the period 
1900 to 1921 and for Hudson over a 51-year period; also Mount Lebanon and Spencertown for short 
periods. 
The mean annual precipitation at Chatham is 38.11 inches, including an average depth of 
snowfall of 55 inches. The greatest recorded annual precipitation, 44.23 inches, fell in 1!:\20 and 
the lowest, 26.50 inches, fell in 1908. At Hudson, the mean annual precipitation is 38.2[; inches 
including 53.8 inches snowfall. The greatest recorded annual precipitation, 76.24 inches, fell in 
1855 and the lowest, 25.72 inches, fell in 1846. Short-term records for Mount Lebanon and F',encer- 
town indicate precipitation in the mountains probably is greater than in the valley land'"" The 
greater part of the mean annual precipitation in Columbia County occurs during the summer 
months, though it is fairly well distributed throughout the year. Most of the snowfall comes 
during the months of December, January, February, and March. 
The mean annual temperature at Chatham is 47° F. February, the coldest month, has a 
mean temperature of 22° F. and July, the warmest month, has a mean temperature of 71 0 F. The 
extremes of temperature during the period from 1900 to 1921 are - 24°F. in February If20, and 
1030 F. in July 1911. The average date of the last killing frost in the spring at Chatham is May 9, 
and of the first killing frost in the fall is October 4, giving an average frost-free season of 146 days. 
The mean annuai temperature at Hudson is 48.2° F. January, the coldest month, has a mean 
temperature of 24.7° F. and July, the warmest month, has a mean temperature of 71.6° F. Frost 
data for 25 years of record through 1930 indicates the average date of the last killing frort in the 
spring is April 29, and of the first killing frost in the fall is October 11, giving an average f-ost-free 
season of 163 days. Variations of temperature are believed to be greater in the mountainous areas. 
Thus, the frost-free period is slightly longer along the Hudson River valley than at Chatl'am and 
slightly shorter in the mountainous part of the County. 
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GEOLOGY AND WATER-BEARING PROPERTIES OF THE ROCKS 


GENERAL GEOLOGY 
Recent detailed geologic reports have covered only the western part of Columbia County 
(Goldring, 1943; Ruedemann, 1942b.),1 and information about the rocks of the eastern sectior of 
necessity has been obtained from the more generalized reports that were written about the turr of 
the century (Walcott, 1888; Dale, 1904). The stratigraphic terminology employed in the old reports 
differs considerably from that introduced in the more recent papers and used in the present report- 
The stratigraphic column for Columbia County is given in table 1, and plate 2 shows the 
bedrock geology of the County. Much of the stratigraphy has been adapted for the requirements 
of this report. The Schodack formation has been shown as a separate unit on plate 2 only in the 
westernmost part of the County, after maps by Goldring and Ruedemann. East of the area cove
ed 
by these maps the Schodack and Nassau formations are shown by the pattern for the Nas
'au. 
Included with the Schodack formation, where shown as a unit, are the Burden iron ore and Bomos
n 
grit of Ruedemann, the Burden conglomerate of Grabau, and the Zion Hill quartzite of Ruedemann 
(Wilmarth, 1938). The Normanskill shale, as shown includes the Deepkill shale, and the Walloom
c 
slate. These terms apply to both the metamorphosed and the unmetamorphosed equivalents. 


GEOLOGIC HISTORY 
Recorded geologic history in Columbia County begins during the Lower Cambrian, ab')ut 
500,000,000 years ago, when the area was covered by part of the huge Appalachian sea that stretched 
from Newfoundland to Alabama and was more than 400 miles wide (Ruedemann, 1942a, p. 56). 
Early writers stated that this large geosYncline was divided into separate north-south troughs by 
long barrier ridges, and that in each of these troughs an independent sequence of rock mater

ls 
was deposited. Ulrich and Schuchert (1902, p. 638) described two such troughs, the Chazy trough 
on the west and the Levis trough on the east, which they suggest persisted throughout Cambrian 
and Ordovician time. Prindle and Knopf (1932, p. 264) have distinguished still another trou
h, 
east of the Chazy and Levis troughs. 
Recently, however, it has been suggested that the entire basin was one continuous unit and 
that deposits of different lithology were laid down simultaneously in different parts of the sea. 
he 
deposits differed according to distance from the shore line and type of source materiaL Ruedemann 
(1942b, p. 174) has summed up the entire situation by saYing, "It would seem that the varying 
conditions in the geosYncline allow the conclusion that both working hypotheses may be appliec at 
certain times. . .." For purposes of convenience, the hypothesis of one basin acting as a continu
us 
unit will be followed in this report. 
The oldest rock deposits in Columbia County are the Nassau and the Schodack formathns 
of Lower Cambrian age. The Nassau formation is almost entirely barren of fossils and Ruedemann 
(1942b, p. 176) believes it might possibly be of very late pre-Cambrian age. OccupYing a posit.ion 
between the Nassau formation and the Schodack formation in the long inlier southwest of Hud"'on 
is a limonite and siderite iron ore named by Ruedemann (1942b, p. 43) the Burden iron ore (fig. 2). 
This probably was formed in a lagoonal area that existed between the more widespread marine 
invasions of Schodack and Nassau times. During the remainder of the period, either the land in 
this area was above water or a series of deposits were laid down that have been subsequently eroied 
or are now buried beneath a mass of overthrust sediments overthrust toward the west at the close 
of the Ordovician period. The latter possibility may be supported by the reported log of well Cb r'52, 
which shows shale from 110 to 800 feet and limestone from 800 to 1,008 feet in depth. The limestone 
might be the Little Falls dolomite or one of the other limestones of Upper Cambrian age. W'''ile 
the rocks previously discussed were being deposited, simultaneous deposition was taking place to 
the east. The order of events in this area is not completely understood but it is known that of the 
deposits laid down in the trough, only the Rensselaer graywacke, the Stockbridge limestone, and 
the Walloomsac slate are now present in Columbia County (pL 2 and table 1). The Rensselaer 
graywacke has long been considered of Upper Devonian age but in more recent publications it has 
been assigned a place in the Cambrian system (Prindle and Knopf, 1932). The latter classification 
has been followed in this report. The exact age of the Stockbridge limestone has not been de
,er- 
mined, but it is believed to range from Lower Cambrian to Trenton time, both inclusive. The 
Walloomsac slate is of the same age as the Normanskill shale and in this report they are treated as 
a single unit. 


1 References are listed alphabetically at the end of this report 
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During the Ordovician period the land was once again invaded by the sea and the thick black, 
graptolite-bearing Deepkill shale and the N orman skill shale were deposited. Outcrops of the Snake 
Hill formation have not been observed in Columbia County, although this formation is present both 
to the north and to the south. The emergence of the land at the close of the Ordovician period 
marked the beginning of the Taconic disturbance, at which time the rocks w
re strongly folded and 
thrust toward the west. Figure 2 shows one of the low-angle thrust planes along which the Cambrian 
formations overrode the younger Ordovician shales to the west. The isolated outcrops of Cambrian 
formations west of the main body thus are shown to be fold inliers. 
The next marine invasion of the area did not occur until late Silurian time when l\lanlius 
limestone was deposited. The boundary between the Silurian and Devonian strata is not strongly 
marked in Columbia County but the Coeymans limestone, directly overlying the Manlius, is con- 
sidered to be the first of the Devonian deposits. After the Coeymans limestone was deposited the 
land was subjected to alternate emergence and submergence and the New Scotland lim
stone, 
Becraft limestone, Alsen limestone, Oriskany sandstone, Esopus shale, Schoharie grit, and Onondaga 
limestone all were laid down. The Onondaga limestone is the youngest consolidated rock now 
present in Columbia County. Probably Upper Devonian and even Carboniferous beds were once 
deposited there and since have been eroded. This erosional period, which began late in the Paleozoic 
era has generally continued to the present, except for some local deposition during the Pleistocene, 
also was responsible for removal of much of the Silurian and Lower and Middle Devonian beds, 
as the only remaining deposits of such rocks form two small outliers at Mount Ida and Becraft 
Mountain. 
The close of the Paleozoic era was marked by the Appalachian revolution, at which time the 
rock formations were greatly deformed. The competent Silurian and Devonian limestones were 
thrown into long open folds whereas the weaker Cambrian and Ordovician shales were cornplexly 
folded and contorted. The intensity of metamorphism of the rocks increases from west to east. 
The western boundary of the metamorphism cannot be sharply defined but it generally is placed 
along a line running from Gallatinville to Old Chatham, passing just east of Chatham. According 
to Pepper (1934, p. 186) most of the deformation was caused by the Appalachian rather than Taconic 
orogeny. 
Miller (1924, p. 91) has shown that there were several periods of glaciation during the Pleisto- 
cene epoch, but in Columbia County the last ice sheet overrode and removed the sediments de:')osited 
by earlier glaciers. The main ice sheet originated in Labrador and from there spread south t1.rough 
Canada to the United States. One of the tongues of ice followed the Champlain-Hudson trC"lgh as 
far south as Long Island and it was this sheet of ice that covered Columbia County. Excer t . for a 
scraping and plastering process that rounded and smoothed the countryside, the ice invasion 
Tought 
no major basic changes in the topography. When the ice eventually retreated or stagnated in 
place, however, it left behind a great mass of deposits in the form of drumlins, kames, morain
s, and 
stratified water-laid material. These deposits, in varying degrees of thickness, almost completely 
mantle the County and are of great value with respect to ground-water supplies. 
After the disappearance of the ice, the present drainage pattern was established and the 
modern streams assumed the role of erosion and alluvial deposition that exists today. 


GEOLOGY IN RELATION TO GROUND WATER 


Nassau Formation 
The Nassau formation, as originally described by Dale (1904, p. 29), is a series of five divisions 
that have an estimated maximum total thickness of 785 feet. Actual separation of the divisions 
in Columbia County is difficult because the formation has been intensively folded. On the whole, 
the formation consists of greenish or reddish and greenish shale, interbedded with thin layers of 
quartzite or grit. In addition there is some massive greenish quartzite. In the area east of Eliza- 
ville the formation has been matamorphosed to form a phyllite. According to Dale (p. 17), "The 
microscopical composition and structure of this shale indicate that it would probably not have 
required a vastly increased amount of compression to transform it into schist." 
The Nassau formation consists of tight, dense rocks which in themselves are practically 
impervious. They contain many joint, cleavage, and bedding planes, however, and it is through 
these openings that ground water moves through the formation. Records of 104 wells in the Nassau 
formation show an average yield of only'9 gallons per minute, and one-quarter of the wells yield 
less than 3 gallons per minute. The highest reported yield of a well tapping the Nassau for'TIation 
is 50 gallons per minute (well Cb 818). Such a yield is unusually high, however, and yields of similar 
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magnitude cannot normally be expected. The average thickness of rock penetrated by 106 wells 
in the Nassau formation is about 90 feet, whereas the average depth of these wells is 125 feet, and 
the range in depth is from 33 to 520 feet. The average specific capacity of 57 wells tapping the 
Nassau formation is 1.21 gallons per minute per foot of drawdown. The Nassau beds underlie a 
large area in the more densely populated western part of the County and consequently are tapped 
extensively for domestic supplies of ground water. 


Schodack Formation 
As stated in the section on general geology, the term "Schodack formation" in this report 
includes the Schodack formation itself, the Burden iron ore and the Bomoseen grit of Ruedemann, 
the Burden conglomerate of Gubau, and the Zion Hill quartzite of Ruedemann. All exc
pt the 
Schodack are comparatively thin in relation to the whole, have a small areal distribution, and are 
folded together with the Schodack formation. The Schodack consists of thin-bedded limestone or 
dolomitic limestone in alternation with black or greenish shale and calcareous quartz sartJstone. 
Some of the beds of limestone are brecciated. The thickness of the Schodack formation in Columbia 
County has not been definitely ascertained, but it is believed by Ruedemann (1942b, p. 63) to be 
about 250 feet. 
The Schodack formation is similar to the Nassau formation in that it consists of dense, imper- 
meable rocks that transmit water only through joint, cleavage, and bedding planes. Records of 
29 wells that tap the Schodack have an average Yield of 5 gallons per minute, and only 1 of these 
wells yields over 15 gallons per minute. The average thickness of rock penetrated by the 29 wells 
is 79 feet whereas the average depth of these wells is 147 feet, and the range in depth is fro'tl 75 to 
352 feet. The average specific capacity of 10 wells in the Schodack formation is 0.18 gallon per 
minute per foot of drawdown. Although yields from the Schodack are small, they are sufficient 
to meet normal domestic demands, and consequently the formation is tapped extensively. 


Rensselaer Graywacke 
The only outcrop of the Rensselaer graywacke in Columbia County is a small outlier in the 
northern part of the County (pI. 2). The thickness of the outlier is not known but it is beli
ved by 
Dale (p. 43) to approximate the 1,400 feet assigned to the main body of the Rensselaer gr
ywacke 
plateau that lies north of Columbia County. The graywacke is a dark-green metamorphic grit 
that is generally thick-bedded crystalline and calcareous. The grit is interbedded with IJurplish, 
reddish, or greenish shale or slate, and an occasional thin bed of conglomerate. Similar to the 
Nassau and the Schodack formations, the Rensselaer graywacke consists of dense, impe:""Dleable 
rocks that transmit water only through joint, cleavage, and bedding planes. Data for o'"1ly two 
wells that tap the Rensselaer graywacke, Cb 174 and 175, have been obtained. These havE: a yield 
of less than 5 gallons per minute. Primarily because of its small area of outcrop, and partly because 
of its low Yield, the Rensselaer graywacke is of minor importance as a source of ground Fater in 
Columbia County. 
Stockbridge Limestone 
The Stockbridge limestone crops out only in the valleys in the eastern part of the County. 
It consists of a medium-grained hard bluish-white crystalline thin-bedded limestone or dolomitic 
limestone, which is sometimes massive and which weathers a dull gray. The Stockbridge lhnestone 
has been metamorphosed so that at some sites it is in the form of marble. The rock is de'1se and 
impermeable and transmits water only through bedding, cleavage, and joint planes. Records of 
20 wells show an average Yield of 11 gallons per minute and an average rock penetration of 66 feet, 
whereas the average total depth of the wells is 126 feet. They range in depth from 32 to E23 feet. 
The average specific capacity of six wells tapping the Stockbridge limestone is 0.49 gallon per minute 
per foot of drawdown. The Stockbridge is extensively tapped in the relatively small area that it 
underlies. Owing to the metamorphism that it has undergone and its extreme hardness, the Stock- 
bridge limestone is a difficult formation in which to drill. 


Normanskill Shale 
Although termed a shale, the N ormanskill is diversified in nature and contains many c'ifferent 
facies. It is primarily a black or gray shale with interbedded layers of grit and black siliceou
 white- 
weathering chert. It also contains some thin beds of limestone, calcareous conglomerate, and red- 
dish, purplish, or greenish shale. The thickness of the N ormanskill shale in Columbia County has 
not been determined but, including the Deepkill shale, it is estimated by Ruedemann (1f''30, pp. 
17, 88) to be about 1,300 feet. The shale has been subjected to much folding and contorthn, and 
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in the eastern part of the County has undergone different degrees of metamorphism. The Normans- 
kill shale is similar to other consolidated formations in Columbia County in that it consists of dense, 
impervious rocks that transmit ground water only through fractures and cleavage and bedc 1 ing 
planes. Records of 207 wells tapping the Normanskill show an average yield of 8 gallons per minute 
and an average rock penetration of about 95 feet. The average total depth of the 207 well" is 
149 feet and they range in depth from 30 to 1,056 feet. The yield of wells apparently is not related 
to the degree of metamorphism. The highest reported yield from the Normanskill is 100 galhns 
per minute, but this appears unusually high, and yie
ds of such magnitude normally are not tc be 
expected. The-average specific capacity of 106 wells tapping the Normanskill shale is 0.26 gaBon 
per minute per foot of drawdown. The Normanskill underlies a large area'in Columbia County 
(pI. 2). In the northeast the Walloomsac slate is mapped with the Normanskill shale. Beca.use 
this formation underlies a large area it has been extensively tapped for supplies of ground water. 


Silurian and Devonian Formations 
The Silurian and Devonian formations in Columbia County are confined to a small outlier 
at Mount Ida and a larger one at Becraft Mountain (pI. 2). At Mount Ida the Manlius limestone 
(Silurian) and the Coeymans limestone (Devonian) are present. In addition to these, the Devorian 
rocks at Becraft Mountain include the New Scotland limestone, the Becraft limestone, the Alsen 
limestone, the Oriskany sandstone, the Esopus shale, the Schoharie grit, and the Onondaga lime- 
stone. The Manlius limestone lies with a distinct angular unconformity upon the older rocks, and 
whereas the latter are severely distorted and folded, the rocks of the outliers have merely b
en 
pressed into broad open folds. These rocks are described in table 1. They are all compact imper- 
vious rocks that yield water only through joint, cleavage, and bedding planes. The two areas of 
outcrop are mountainous in nature and are thinly populated. Records have been obtained of only 
two wells in the Becraft outlier and from one of these, Cb 858, a yield of 10 gallons per minute is 
reported. This well passes through the New Scotland limestone and the Coeymans limestone and 
ends in the Manlius limestone. The Silurian and Devonian rocks in Columbia County are of minor 
importance as sources of ground water. 


Glacial Deposits 
The glacial deposits, except in a few small areas, completely mantle the entire region and 
are the major source of large supplies of ground water in Columbia County. They may be divided 
into two major groups, till and outwash (fig. 3). Till is a heterogeneous mixture of particles ranging 
in size from clay to boulders. It consists of earth debris picked up by ice sheets and deposited later 
as the glaciers move forward or recede. It may assume the form of ground moraine, which is a 
relatively thin, widespread layer of till; drumlins, which are elongated hills; and lateral or end 
moraines, which are masses of till deposited at the sides or forward end of a glacier. All these 
forms are found in Columbia County, but as they are composed of the same basic materials and 
have similar physical characteristics they are treated as one water-bearing unit. Till is relatively 
impervious and yields supplies of water that generally are sufficient only for household or general 
farm use. Water is best obtained from till by means of large-diameter dug wells that offer a lc:Jrge 
infiltration and storage area, and are comparatively inexpensive to construct. Although the rate 
of inflow into a well dug in till is small, it generally is ample to meet the small requirements. Wells 
of this type are constructed only where small amounts of water are required, and where the under- 
lying bedrock is such a poor aquifer that the cost of drilling a deep rock well would be too great to 
fit the economic need. 
Outwash consists of sorted material that has been deposited directly by glacial streams, 
has resulted from the reworking of unsorted deposits by glacial streams, or has been deposited in 
standing water of glacial origin. Outwash deposits laid down by streams emanating from glaciers 
differ in lithologic properties because the velocity, volume, and load of the streams themselves 
differed according to the rate of melting of the ice. The deposits are generally cross-bedded and 
show marked gradations in size, ranging from silt through coarse gravel and occasional bould
rs. 
In addition, outwash is found overlain, underlain, or intermingled with till deposits. The outwash 
areas may exist as lenses in the surrounding till, and there generally is no sharp dividing line between 
the two types of material. The beds of coarser outwash may yield large supplies of ground water, 
depending upon the conditions of recharge. The third type of outwash deposit consists of materials 
that were laid down in standing waters of glacial origin. They generally are well sorted and con
ist 
of relatively fine materials such as sand, silt, or clay. The orjgin of these deposits in Colurrbia 
County is not fully understood. According to Woodworth (1905, p. 175), the deposits were laid 
down in one large lake, termed Lake Albany, which occupied the Hudson Valley during the retr
at 
of the last glacier. Cook (1930, p. 196), however, believes that rather than one large lake, tl'
re 
existed a series of smaller lakes created by temporary barriers during the stagnation of the ice in 
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Figure 3.-Approximate areal distribution of till and outwash deposits, Columbia County, t', Y. 
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place, and the clay and fine sand accumulated to various summit levels in these lakes. In Colunbia 
County the upper level of the clay deposits in the Hudson Valley is about 215 feet above sea level 
(Cook, 1942, p. 201). Clay deposits are found at much higher levels in the valleys of the mountain- 
ous areas to the east. however, where individual lakes were created by short-lived ice or debris 
blockades. 
The clay is even more impervious than the till and no records are available for wells in 
Columbia County that obtain water from the clay. The sand of lacustrine origin, though very 
fine in texture, is much more pervious than the clay. The sand yields water readily to dug ,",Tells 
and also, in st;fficient quantities for household use, to driven wells. Records are available of 12 
driven wells, all 1
 to 2 inches in diameter and averaging 17 feet in depth. Data from 5 of the 
wells show an average yield of 6 gallons per minute. 
The coarser stream-laid glacial deposits are potentially one of the most productive aquifers 
in the County. Data are available of only 44 drilled wells tapping sand or gravel deposits, howE:ver, 
and these show an average yield of 13 gallons per minute and a maximum yield of 80 gallons per 
minute. Six of the wells have been screened or gravel-packed or both, whereas the others }'ave 
not been developed at all and draw their water supply directly through the open end of the ca
lng 
which rests in the water-bearing bed. The failure to tap the outwash deposits and to develop the 
wells properly will be discussed further in the section on recovery. 
The thickness of the glacial deposits in Columbia County is irregular and attains a recorded 
maximum of 275 feet at well Cb 157. Relatively thick deposits are found in places througl'':>ut 
the County; plate 3 shows the locations of wells which have penetrated 100 feet or more of drift. 
The extensive deposits in the western part of the County are primarily fine-grained, having l)
n 
laid down in standing waters of glacial origin. (See table 5, logs of wells Cb 68, Cb 90, Cb 218, 
Cb 219, Cb 598, and Cb 852.) These logs indicate, however, that layers of coarser materia] are 
often found associated with the finger deposits, and that in many places a layer of gravel lies betvreen 
the finer-grained material and the underlying rock. These gravel layers generally constitute e:'"cel- 
lent aquifers. Lake deposits also are found in the eastern part of the County, but there they gen- 
erally are confined to the valley areas (table 5, log of well Cb 741). The uplands are more likely 
to have deposits of till (logs of wells Cb 665 and 698). 
Cook (1942, p. 26) has suggested that the Roeliff Jansen Kill (or some other contemporaneous 
stream) prior to glaciation flowed northwest from Blue Stores. A contour map of the bedrock surface 
of the area (pI. 3), based on well data, indicates that such a channel does exist and that it is now 
concealed by a heavy blanket of drift. Another buried valley, as outlined by the 100-foot contour 
line, extends north from Blue Stores and coalesces with the present course of Taghkanic Creek. 
The mouth of another buried valley that once carried a tributary of the Hudson Rivl
r is 
outlined by the 0 and minus 100-foot contour lines southwest of Kinderhook. The valley t'1Tns 
toward the northeast, along the path of the present-day Stuyvesant Brook, and is outlined by the 
100- and 200-foot contour lines almost to the County border. The existence of such buried vaHeys 
is of considerable importance because of the possibility of their containing extensive deposits of 
highly permeable materials, and it is an important factor to evaluate when planning the location 
of a new ground-water supply. If the deposits in the buried valleys, or permeable glacial deposits 
other than in the buried valleys, are near present streams or lakes they may be subject to infiltration 
of surface water. Under such circumstances it will be possible to obtain large quantities of water 
from these deposits. 


Alluvial Deposits 
The youngest deposits in Columbia County are the Recent alluvial clays, silts, sands, and 
gravels associated with the larger streams. The maximum thickness of these deposits is not kn')wn 
but at well Cb 855 of the Kinderhook public supply system in the Kinderhook Valley, the alluvium 
is at least 35 feet thick. A pumping test of Cb 855, a 6-inch screened well 35 feet in depth, showed 
a 1.5-foot draw down after 8 hours of pumping at 110 gallons per minute. A similar test of Cb 856, 
an 8-inch screened and gravel-packed wen 32 feet deep also part of the Kinderhook supply, showed 
a 7.5-foot drawdown after 6 hours of pumping at 220 gallons per minute. Wells Cb 862, 869, and 
870, which provide part of the Valatie public supply, obtain 100, 75, and 150 gallons per milJute, 
respectively, from the alluvium. Cb 865, a combination dug well and infiltration gallery, origirally 
obtained 350 gallons per minute from the alluvium, but owing to silting the Yield from this well has 
decreased to about 100 gallons per minute. 
Alluvial deposits are subject to recharge from nearby streams and consequently can furnish 
large quantities of water, if properly developed by modern, efficient wells or an infiltration gaHery 
specifically designed to draw water from the particular formation encountered. 
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GROUND WATER 


SOURCE AND OCCURRENCE 
Ground water has been defined by Meinzer (1923a, p. 38) as "that part of the subsl1rface 
water which is in the zone of saturation," and it is commonly thought of as the water that is obtained 
from wells and springs. Although it issues from the ground, its source is in the atmosphere:; it is 
estimated that at least 99 percent of all ground water in Columbia County is derived from th
 rain 
and snow that falls on the immediate area. An inch of rain is equal to more than 17 million gallons 
of water per square mile. Multiplying this by the average rainfall at Chatham and Hudson of 
a
out 38 inches it may be seen that a square mile of land surface in these areas 
nnually re
eives 
about 650 million gallons of water. Of the total water falling on Columbia County each year, 
part runs off directly in the streams, part evaporates or is consumed by ,plants, and the remainder 
seeps into the ground and recharges the water table. Although the supply of ground wate'" gen- 
erally varies directly with the amount of precipitation, other factors also control the rate of rec:'1arge, 
such as the distribution of precipitation and seasonal changes in the amount of water used by vege- 
tation. For example, a heavy rain for a short period of time would favor considerable s"ITface 
runoff and therefore little recharge to the water table, whereas the same amount of rain falliig for 
a longer period of time would favor less surface runoff and more recharge to the water table. If the 
temperature is very high and the relative humidity is low, the rate of evaporation increases" thus 
dissipating much ground water where the water table is at a near low surface. If, on the other 
hand, the temperature is so low that the ground is frozen, an unusually high percentage of water 
then runs off directly into the streams. Vegetation uses large amounts of water during the gr')wing 
season, but after the first killing frost this factor is largely eliminated. 
All rocks, regardless of their density, contain some pore spaces. Only those pore spaces 
that are large enough, however, can supply water to springs and wells tapping the rock. The 
amount and size of the openings differ according to the physical and chemical characteristtcs of 
the rock, and yields are, therefore, related directly to the type of rock penetrated. The percentage 
of total rock volume that is occupied by pore space determines the porosity of the rock. According 
to Meinzer (1923a, p. 3), the porosity of a sedimentary deposit depends chiefly on (1) the shar
 and 
arrangement of its constituent particles, (2) the degree of assortment of its particles, (3) the cenlenta- 
tion and compaction to which it has been subjected since its deposition, (4) the removal of minerals 
through solution by percolating waters, and (5) the fracturing of the rock, resulting in joint.s and 
other openings. 
Although the porosity of a rock indicates the total volume of pore space available for s+,oring 
water, it is necessary to use the term specific yield to indicate the amount of water that will drain 
out of a rock because of the action of gravity. The specific yield of a rock or soil, with resp
t to 
water, is the ratio, expressed as a percentage, of (1) the volume of water which, after being saturated, 
it will yield to gravity to (2) its own volume. It is a measure of the water that is free to drain out 
of a material under natural conditions. The value for the specific yield of a rock or soil is less than 
the value for porosity, as capillary forces prevent the draining, by gravity, of all the intersthes or 
pore spaces. In addition to specific yield, the term hydraulic permeability is used to indicate the 
capacity of the rock or soil to transmit water under pressure. This term is useful primarily when 
dealing with uniform, unconsolidated deposits, and should be used cautiously (if at all) when the 
aquifer is an indurated rock that transmits water only through fracture or solution plane
, In 
general the smaller the intersti£es of a material the lower its specific yield and hydraulic permeability. 
Thus, clays and silts, which generally have higher porosities than sands and gravels, yield cor
ider- 
ably less water. 
The water table is an irregular surface of a zone in which, under ordinary conditions, all rocks 
are saturated with water. The source of this water is precipitation, which percolates doWIJ from 
the surface. The water table usually is a subdued reflection of the configuration of the s'1.rface 
topography, but it fluctuates seasonally and annually with variations in precipitation, punlpage, 
runoff, temperature, and other related factors. 
Under normal water-table conditions water stands in a well at a height corresponding to 
that of the water table. Water-table conditions cease to exist, however, when a permeable aquifer is 
underlain and overlain by impermeable or nearly impermeable beds that serve to build up a 
ater- 
pressure head within the aquifer. Under these circumstances an artesian system is created and 
water will rise in a tightly cased well to a level above the top of the containing bed and may flow 
out of the well. Flowing wells are not common in Columbia County and only 21 of the well records 
collected are of flowing wells. Over half of these wells are at the foot of a hill or mountainou
' area. 
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The water enters the aquifer in areas of rock outcrop or thin pervious overburden in the uplc.nds 
and then follows joint or bedding planes through the folded, contorted beds down to the valleys 
where, when liberated by wells, it flows to the surface. Each well represents purely local conditions 
and there appears to be no evidence of any widespread artesian aquifer in the County. 


RECOVERY 
Ground water in Columbia County is recovered principally by means of wells, and only a 
comparatively few springs are used as a source of supply. More than 95 percent of the rec l 1rds 
collected are of drilled wells. The remaining records are of large-diameter dug wells and sn1all- 
diameter driven. wells. A special effort was made to collect records of drilled wells, as they are 
generally deeper and thus give a more complete record of geologic conditions. The percent:i'.ges 
given above, therefore, do not necessarily represent the actual distribution of drilled versus dug 
wells in the County, nor a true picture of the water-yielding capacities of the aquifers. 


Dug Wells 
Dug wells are found mainly in rural areas, and in most places are used for domestic or farm 
supplies. Most of the dug wells are 3 to 5 feet in diameter and 10 to 20 feet in depth. Because 
of the large infiltration area available, the dug well is able to obtain water from relatively imper- 
meable water-bearing materials. This characteristic, coupled with the large storage capacit:,. of 
the dug well enables such wells to supply an adequate amount of water for many homes and farms. 
The shallow dug well, however, is likely to fail during protracted dry periods when the water table 
is at an exceptionally low stage. Moreover, the dug well generally has a loose casing or is improI=
rly 
covered and, unless adequately located and constructed, is subject to pollution. 


Driven Wells 
Driven wells are used primarily for farm or domestic supplies. They range from 174 to 2 
inches in diameter, are generally 10 to 20 feet in depth, and are equipped with a screen (well point) 
about 3 feet in length. This type of well can be put down only in soft, permeable materials because 
the presence of boulders, "hardpan," or other impediments prevents further driving. These ,veIls 
afford satisfactory domestic or farm supplies when the aquifers they penetrate are moderately per- 
meable. However, the well points may be subject to silting, which reduces the yield. The driven 
well is cased more tightly than the dug well and thus the chances of pollution are lessened. Unlike 
the drilled well, however, the driven well does not require the use of expensive equipment and trained 
personnel for installation. 


Drilled Wells 
Records of more than 800 drilled wells were obtained in Columbia County. A large majority 
of these are 6 inches in diameter and are used for domestic or farm supplies. The wells ave.rage 
about 120 feet in depth, the deepest being well Cb 228, which is 1,056 feet deep. 
Wells obtaining water from rock are usually cased down to the rock and the hole belc w is 
left open. Surface and shallow soil waters theoretically are kept out, water entering only from 
openings in the rock. The rocks in Columbia County are generally dense and impervious, and they 
yield water only through joints, fractures, and cleavage and bedding planes. These openings tend 
to be compressed and pinched out with depth, and it is generally inadvisable to drill deeper than 
150 to 200 feet in rock if an adequate supply of water has not already been obtained. If yields are 
inadequate under such conditions, it is generally considered advisable to drill a new well in an e.ffort 
to strike a set of more productive rock openings. 
Drilled wells that obtain water from the unconsolidated deposits in Columbia County gen- 
eral'y are cased to the bottom of the well, water entering the well only through the small open end 
at the bottom of the casing. This method of intake does not permit full development of the aquifer; 
much larger quantities of water could be withdrawn from the same sediments if more modern and 
efficient methods of well finishing were employed. . 


Construction and Development of Wells 
The efficiency of a well is measured in large part by its specific capacity, which has been 
defined as the rate of yield per unit of drawdown, usually given in gallons per minute per f01t of 
drawdown. For example, well Cb 856 yields 220 gallons per minute with a drawdown of 7.5 feet 
and thus has a specific capacity of slightly more than 29 gallons per minute per foot of drawdr')wn. 
The specific capacity and general efficiency of a well can be improved by increasing its intake area. 


16 



In this way the velocity of the water entering the well decreases, the frictional losses decrease, and, 
consequently, the amount of water than can be withdrawn with a unit lowering of the wate"" level 
in the well increases. 
A relatively simple method of increasing the intake area of a well is to perforate th
 part 
of the casing opposite the water-bearing beds. These perforations, however, may become clogged 
by sand and other fine material drawn through the open bottom, and a better method is to plug 
the bottom of the well and install a screen opposite the water-bearing bed. However, no great 
improvement in yield will be obtained unless the openings in the screen are the proper size. Good 
practice calls for a mechanical analysis of the water-bearing material opposite the screen to deter- 
mine the proper size of screen openings, so as to combine maximum intake area with marimum 
protection against sand clogging. A' gravel-wall or gravel-packed well may be used whe""e the 
water-bearing material is composed of fine-grained sand that otherwise would require exceeiingly 
fine screen openings. Although several methods of construction are possible, they are all de
;gned 
to produce an envelope of uniform-sized gravel around the well screen. This permits use of larger- 
sized screen openings and consequently the recovery of a larger amount of ground water fren the 
formation. The following table shows the intake areas provided by different methods of finishing 
a well: . 


Table 2.-Approximate area of intake openings of open-end casings, perforated casings, and well screens 


Intake area of 5-foot length of perforated casing and well screen, closed 
end (square inches) 
Diameter Intake area 
of casing of open-end Well screen 
(inches) casing Casing perforated 
(square inches) with 
i -inch holes 
on 3-inch centers Intake area Intake are1'. 
10 percent of 20 percent of 
screen area screen are:1 
------ 
12 113 14 226 452 
6 28 7 113 226 
4 13 5 76 151 
2 3 2 38 75 


The superiority of a screened well over the other types of verti
l wells in providing a large 
intake area is readily seen. The advantages of screening, gravel-packing, and other methods of 
well construction are particularly evident when an aquifer consists of the fine lacustrine sands that 
are fairly widespread in Columbia County. These sands yield little or no water without proper 
construction and development, and heretofore drillers have passed through these so-called dry beds 
in search of water in the rock below. Except where a supply of only a few gallons a minute is 
needed, this generally is unwise because a properly constructed and developed well in a water- 
bearing sand should yield substantially larger quantities of water than a well in the dense imper- 
vious bed-rock that underlies Columbia County. 
Not only the sands, but even the gravel deposits in the area have been neglected, and there 
are numerous records of wells that pass directly through gravel layers to dense rock scores of feet 
deeper, which yields but a few gallons per minute. Most gravel deposits will yield subst.antial 
quantities of water if they are properly developed. Wells are "developed" primarily to ir
rease 
the yield at a given drawdown or to reduce the drawdown as much as possible when pumJ: 
ng at 
the designed rate. 
Methods commonly used to improve the yield of a well include surging, overpumping, back- 
washing, and acid treatment. With the exception of the acid-treatment method, each is dE:
igned 
to wash the fine sand, silt, and clay from the water-bearing formation immediately surrounding 
the well screen and assist in the building up of a natural gravel wall around the screen. ThuF water 
will enter the well more readily and the rate of yield per foot of drawdown (specific capacity) will 
be increased. . 
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Surging a well is probably one of the best methods of development urider the average condi- 
tions encountered in sand and gravel aquifers. The method utilizes some form of tight-fitting 
plunger that is operated up and down inside the wen casing from a point about 15 feet below the 
statIc water level. This action surges the water in the sand or gravel formation, loosens the fner 
sand or gravel grains, and works them through the screen slots into the well, where they are peri,')di- 
cally removed either by bailing or by pumping. The well is alternately surged and bailed (or 
pumped) until little or no more sand is pulled in through the screen. The surging method is par- 
ticularly effective inasmuch as the forceful stirring of the water repeatedly disturbs the finer s
nd 
particles and prevents them from bridging against each other to close the voids or openings between 
the larger grains or pebbles. . 


The overpumping method of developing a well that taps a sand or gravel aquifer involves 
pumping it at rate that creates excessive drawdown. This rate mayor may not exceed the rate 
at which the finished well is to be pumped, depending upon the condition of the well at the time 
drilling is completed. The method is intended primarily to clear the well at or below the maximum 
rate at which it is capable of Yielding water, and it cannot be used effectively to build up any graded 
envelope of gravel around the screen. If the well clears satisfactorily at a final rate considerably 
in excess of the desired rate of pumpage, it is safe to assume the well will not fail in regular service. 
If it does not clear, or if the desired rate of pumpage cannot be reached, then some more effective 
means of development must be used. The method is better suited for use at sites where it is anti- 
cipated that not much sand will be pumped during the development process. 
Developing a well by backwashing may be accomplished by a number of different methods, 
each of which surges or agitates the water in the formation at the well, preventing "bridging" of 
the sand particles and removing a large portion of the finer material. If a pump is used three 
different operating procedures are possible to secure the desired results. (1) The pump may be 
operated at its highest capacity until maximum drawdown of the water level is obtained, whereupon 
it is then stopped, the water is drained rapidly out of the pump column, and the well is allowed to 
regain its original static water level. The process is repeated until no further improvement in 
Yield is noted. (2) The pump may be operated to obtain maximum drawdown and then sto'Pned 
and started alternately at short intervals. Thus the water level in the well is held down and fre- 
quently agitated in the formation adjacent to the well by the backwash of water in the pump column. 
(3) The pump may be operated until water begins to discharge at the surface. The pump is then 
stopped and the water allowed to drain from the column. The process merely agitates the water 
in the formation, and is repeated as many times as is necessary. 


Backwashing may also be performed by pouring water into the well as rapidly as posf
ble 
and then bailing vigorously with a sand pump or bailer. Where possible a more forceful method 
utilizes a watertight hose or pipe connection to the top of the well permitting water from a stF.nd- 
pipe or pressure main to be forced down in large volume and under high pressure for 2 to 5 minutes. 
The connection is then removed and the well bailed vigorously. 
Acid treatment of a well provides a means for regaining some of the yield that has t
en 
lost because of gradual incrustation of the well screen. All ground water is corrosive or incrus
ing 
to a certain degree, depending on the amount and kinds of substances it contains in solution. Under 
pumping conditions some of the salts normally held in solution in ground water may be precipitated 
on the well screen and on the gravel and sand grains adjacent to the screen, owing to the sudden 
decrease in pressure as the water flows from the formation into the well. This is particularly apt to 
occur where the water contains carbonate or sulfate salts. If the screen is constructed of brass, 
bronze, or stainless steel these incrustations may be removed by introducing at the screen level a 
sufficient quantity of commercial hydrochloric acid (for carbonate or iron deposits) or sulfuric acid 
(for sulfate deposits) to create a 10- to 25-percent solution. This is allowed to stand for 1 to 2 
hours; the well is then gently surged for several minutes and allowed to stand again for 2 hours or 
more. Finally the well is bailed clean and pumped for at least 1 hour. Depending upon the yield 
noted during this pumping period, the process may need to be repeated one or more times. 


Other methods of improving or developing the yield of a well include dYnamiting and c')m- 
bined surging and pumping through use of compressed air or surge blocks. "Dry ice" may be used 
to simulate surging or pressure effects through the bubbling action that occurs when it is submeJ'ged 
in the well. Local conditions will usually suggest, if not determine, the particular method of develop- 
ment that should prove most effective. 
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Infiltration Galleries 
An infiltration gallery is essentially a long, horizontal, shallow well dug into the zone of 
saturation. Galleries commonly are used in areas where aquifers have relatively low permf'.ability 
or where relatively large supplies are required with relatively small drawdowns. A sec')ndary 
advantage of infiltration galleries is that they may have a large quantity of water available for 
immediate emergency requirements. The only installation of this type in Columbia County is 
Cb 865 which is part of the public-supply system at Valatie. . 


Springs 
In addition to wells a few springs supply ground water in Columbia County (table 3). Most 
of the springs for which records have been obtained are gravity springs of the contact typE. or the 
depr
ssion type. The aquifer supplying the contact type is underlain by relatively impermeable 
deposits and also intersects the land surface, usually on a hill slope; ground water moves laterally 
in the aquifer and is discharged along the contact of the aquifer and the underlying impermeable 
deposits. In the depression type, ground water forms a pond or stream because the water-table is 
above the ground surface. 
Springs occur throughout the County and generally are of fifth magnitude (Meinze)', 1923, 
p. 53), having yields of 10 to 100 gallons per minute, or less. They are used almost exclusively for 
domestic or farm supplies. The largest spring visited in the County is Lebanon Warm Spring 
(Cb IISp), which yields about 75 gallons per minute and is used to maintain a warm spring resort. 
The temperature of the water from Cb IISp is 73° F., or about 20° warmer than the normal t€mpera- 
ture of the ground water in relatively shallow water-bearing beds in the area. Spring Cb lIST) issues 
from a gravel deposit that overlies the Stockbridge limestone near the contact of the latter with meta- 
morphosed beds of Normanskill shale. There is evidence of a fault in the vicinity (Stearns, 1937, 
p. 170). The source of the heat is not known definitely; it may be deep-seated or perhaps due to 
high geothermal gradient resulting from movement along a fault. It has been postulated th
 water 
is of surface origin, but has penetrated to considerable depth and has returned to the surfac
 along 
fractures (Stearns, 1937, p. 75). 


UTILIZA TlON 
Of the 885 wells and springs inventoried in Columbia County 831 are used for dom
stic or 
farm supplies. Of the remainder, 16 wells supply water for drinking and sanitary purposes at 
schools, 7 are used at garages and filling stations, 6 are used at hotels or restaurants, 13 w
lls and 
2 springs are used by industries, and 10 wells furnish public supplies. The pumpage of ground 
water for farm and domestic use, exclusive of municipal supplies, is estimated at 2 million gallons 
per day. The total pumpage of ground water in Columbia County is estimated at approximately 
3.2 million gallons per-day. 
Domestic Supplies 
Except in the communities that have a public supply, domestic water supplies throughout 
the County are obtained almost exclusively from privately owned wells and springs. The d0mestic 
uses of water include drinking, cooking, washing, and sewage disposal, and these needs are n')rmally 
met by dug, driven, or drilled wells that yield several gallons per minute each. Water for cattle 
and other animals also is obtained by wells and where the number of stock to be cared for i'" small, 
one well may suffice for both the stock and the household. The average withdrawal of water from 
wells for these uses is estimated to be less than 500 gallons per day. Many of the orcr ards in 
Columbia County are sprayed periodically during the spring, when the consumption of water may 
rise to an average of about 5,000 gallons per day per well. 
Records were obtained of wells at 16 schools, both public and private. Most of the schools 
are small and the total consumption, therefore, is small. Records for four of the larger scll ools, at 
which shower or living facilities are available, indicate a much greater consumption of wate
. The 
largest amount used is at the Berkshire Industrial Farm School, reported to obtain 16,000 gallons 
per day from well Cb 119. In the column headed "Use" in table 6, school wells are classified as 
domestic. 


Commercial Supplies 
Records were obtained for 7 wells at garages or filling stations and 6 wells at roadside restaur- 
ants or hotels. The water from these wells is used for domestic and related purposes, and the average 
consumption is probably less than 1,000 gallons per day. These wells are classified as commercial 
in table 6. 
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Industrial Supplies 
Most of the existing industrial activity in Columbia County is concentrated in the city of 
Hudson and in the other villages that have municipal water supplies. Any large demand for water 
for industrial purposes has been met so far by the municipal supplies. 
Records of 15 privately owned wells or springs used exclusively for industrial purpos
 show 
that the pumpage from each is small and only three wells have an average annual pumpa
e that 
exceeds 10,000 gallons per day. Well Cb 486 supplies 28,000 gallons per day, which is u
ed for 
cooling and air conditioning at the Universal Match Co. plant. During the summer an additional 
supply of 37,000 gallons per day is pumped from well Cb 487. The largest single industrht.l con- 
sumer in the County is the Hudson Glue Factory, which pumps 156,000 gallons per day fron well 
Cb 854 for cooling purposes. Several other wells at orchards, canning factories, or refrig
ration 
plants pump more than 10,000 gallons per day during the summer, but are not operated during the 
rest of the year. Peak ground-water withdrawals for industrial purposes in Columbia County do 
not greatly exceed 300,000 gallons per day. 


Public Supplies 
There are 10 public water supplies in Columbia County each of which serves over 100 people 
or has an average daily demand of more than 3,000 gallons. Five of these use ground water and 
the average daily pumpage is about 700,000 gallons. Half of this total is supplied through the 
Chatham municipal system. 
The Chatham municipal supply furnishes water to the villages of Chatham and Ghent. 
Water is pumped from two wells (Cb 286 and Cb 287) 65 feet deep, which tap a shallow bed of 
gravel. The water is pumped to an earth ern reservoir and from there is distributed at t
e rate 
of about 350,000 gallons per day. The water is chlorinated and has an average hardness o
 about 
102 parts per million. 
The town of Copake has no public supply but the cottages that surround Lake Copake are 
supplied with water from two sources. The first is an 8-inch well (Cb 716) of the Lake View Cottage 
Owners Association, which penetrates about 200 feet of the Normanskill shale and is pumped at 
the rate of 12 gallons per minute. The water is pumped to a 7,000-gallon reservoir from which it 
is delivered by gravity at the rate of about 4,000 gallons per day. The water is not treated. A 
chemical analysis of the water is given in table 4. There is an auxiliary well (Cb 715) which is 
6 inches in diameter and 134 feet deep. This well also taps the Normanskill shale and is rp.ported 
to Yield 8 gallons per minute. The second public supply at Lake Copake is owned by Mr. Leroy 
Van de Carr. It consists of a spring (Cb 26Sp) that issues from the Normanskill shale and an 
auxiliary well (Cb 710) that is 121 feet deep and also taps the Normanskill shale. The yield of 
this well is reported to be 100 gallons per minute. The water, which is not treated, is pUDlped to 
an 8,000-gallon reservoir and from there distributed at the average rate of 15,000 gallons p
r day. 
A chemical analysis of the water from the spring is given in table 4. 
The Greenport Water District is supplied by a dug well (Cb 470) that is 18 feet deep and 30 
feet in diameter. It taps a shallow bed of gravel and 4as a reported yield of 100 gallons per minute. 
The water is pumped to a 140,000-gallon steel tank and from there is distributed by gravity. Con- 
sumption averages about 65,000 gallons per day. The water is not treated. In addition to this 
well, a spring (Cb 22Sp) supplies approximately 40,000 gallons per day. The water from the spring 
is chlorinated. A chemical analysis of the untreated spring water is given in table 4. 
The public supply at Kinderhook consists of a drilled well (Cb 91), 31 feet deep and r inches 
in diameter, that draws water from alluvial deposits along Kinderhook Creek. The well is sereened 
and is pumped at the rate of 100 gallons per minute. The water is delivered to a 100,000-gallon 
elevated steel tank and from there distributed by gravity at the average rate of 100,000 gallons 
per day. The water is chlorinated. An analysis of the untreated water is given. in table 4. In 
October 1947, two additional wells were drilled. These wells (Cb 855 and 856), near the site of 
well Cb 91, are 35 feet and 32 feet deep, respectively and draw water from the same water-l)earing 
beds. Also the Yield of well Cb 855 is 110 gallons per minute and that of well Cb 856 is 220 gallons 
per minute. Both wells are finished with screens and, in addition, well Cb 856 has been gravel- 
packed at the end of pumping test of well Cb 856. A 7.5 foot-drawdown was measured after 6 hours 
of pumping at 220 gallons per minute. . 
The public supply of the village of Valatie consists of three drilled wells and one dug well, 
all of which extract water from shallow alluvial deposits. The dug well (Cb 865) is 4 feet in diam- 
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eter and 20 feet deep, and is connected to an infiltration gallery. The latter consists of 50 feet of 
tile pipe laid in a horizontal trench which is backfilled with crushed stone, about 30 feet west of 
Kinderhook Creek. The sections of the tile pipe have been left unconnected and water is dra.wn 
in through the openings between them. The original yield of this well was 350 gallons per minute, 
but because of silting the yield has declined to about 100 gallons per minute. The drilled wells, 
all 8 inches in diameter, range in depth from 35 to 52 feet and in yield from 75 to 150 gallons per 
minute. Each is finished with a brass well screen 5 feet in length. Water from all the well
 is 
drawn through one suction pump and is delivered to a 150,000-gallon elevated steel tank, whe'1.ce 
it is distributed by gravity at the average rate of about 150,000 gallons per day. The wate- is 
chlorinated. A chemical analysis of the untreated water from well Cb 865 is given in table 4. 


QUALITY 
Some of the chemical characteristics of the ground water of Columbia County are shown 
by the analyses in table 4. Analyses are listed for 24 samples collected by the U. S. Geological 
Survey and analyzed in the laboratories of the New York State Health Department at Albany or 
the U. S. Geological Survey at Washington, D. C. The sites of the wells and springs from which 
samples were collected are shown in figure 4. 


Chemical Constituents and Physical Properties 
Dissolved solids.- The dissolved solids-the residue left after evaporation of the water- 
consist primarily of the dissolved mineral constituents in the water. They may also contain some 
organic matter and water of crystallization. Waters with less than 500 parts per million (one 
grain per U. S. gallon equals 17.118 parts per million) of dissolved solids are generally entirely S2tis- 
factory for domestic use except for the difficulties resulting from excessive hardness or iron content. 
Waters with more than 1,000 parts per million are likely to contain enough of certain constituents 
to produce a noticeable taste or to make the water unsuitable in other respects. Only one of the 
samples of ground water in Columbia County contained over 1,000 parts per million of dissob'ed 
solids and only four others contained over 400 parts per million (fig. 4). Water obtained from the 
unconsolidated deposits in Columbia County is generally lower in dissolved solids than that obtained 
from the consolidated rocks. Of the latter, the limestones of Devonian age in the Becraft outlier 
yield waters that are higher in dissolved solids than ,do the other formations in the County. '....Tell 
Cb 576 contains 2,840 parts per million of dissolved solids. The exact explanation for such a high 
mineral content in the ground water in Columbia County is not clear, but it is believed to be purely 
a local occurrence that in no way indicates conditions elsewhere in the County. 
Iron (Fe).-Iron is dissolved from many rock materials. If a water contains much more 
than 0.3 part per million the excess may separate out when exposed to the air and settle as a reddish 
sediment. Dissolved iron sometimes stains cooking utensils and plumbing fixtures and is very 
troublesome to such industries as laundries, tanneries, and paper manufacturing. Iron is found in 
measurable amounts in many of the ground waters of Columbia County but less than one-third of 
the samples analyzed contained over 0.3 part per million of iron. The largest quantity of iron, 9.0 
parts per million, was found in the sample from well Cb 576. The mean iron content of the samples 
(excluding well Cb 576) shown in table 4 is 0.28 part per million. 
Manganese (Mn).-When present in quantities greatly exceeding 0.05 part per million, nmn- 
ganese causes gray to black discolorations on many of the materials it contacts. It may also clog 
pipe and is particularly troublesome in laundry and textile plants. Five of the samples analyzed 
(table 4) contained over 0.05 part per million of manganese, and the highest of these is from well 
Cb 20, which contained 1.2 parts per million. The mean manganese content (excluding well Cb 20) 
of the samples analyzed, shown in table 4, is 0.04 part per million. 
Chloride (Cl).-Chloride is an important constituent of sea water and is dissolved in small 
quantities from. many rock materials. The U. S. Public Health Service recommends 250 parts per 
million as an upper limit for chloride content of potable water to be used in interstate commerce. 
No concentrations even approaching this limit have been reported in Columbia County and only 
four of the analyses shown in table 4 indicate chloride content exceeding 10 parts per million. The 
sample from well Cb 138 had the largest quantity of chloride, 78 parts per million. The mean 
chloride content for the wells and springs s
own in table 4 is 8.7 parts per million. 
Sulfate (S04).-Sulfate is dissolved in large quantities from gypsum; it is formed from the 
oxidation of iron sulfide (principally pYrite-FeS2), and it is also present in connate water. Sulfate 
itself has little effect on the general use of a water, although magnesium sulfate and sodium suFate 
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Figure 4.-Areal distribution of dissolved solids and total hardness in well and spring waters. 
Columbia County, N. Y. 


(l)ra 


(I) 
174 



IS 


1::; VALATIE 
lug 

105 



 
II 


Up 

 
(f) 
III 


c:r CHATHAM 


(f) 110 


CJ PHILMONT 


ItUft@ 
o 
711 


@)SGO 


24 



may be present in sufficient quantity to give a bitter taste. Sulfate in a hard water may increase 
the cost of softening and will make the scale formed in a steam boiler more difficult to r(
move. 
Only two of the analyses in table 4 show more than 100 parts per million of sulfate-of watE'''" from 
well Cb 858, which has 156 parts per million, and from well Cb 576, which has 1,540 parts per nillion. 
The mean sulfate content according to the analyses shown in table 4 (excluding Cb 576) is 3.9 parts 
per million. 
Hardness.- The hardness of a water is most commonly recognized by the amount of soap 
required for washing. The constituents that cause hardness, calcium and magnesium, are usually 
the principal constituents of the scale formed in steam boilers and in other vessels in which water 
is heated or evaporated. Table 4 shows not only total hardness but also carbonate and r')ncar- 
bonate hardness. Carbonate hardness, or temporary hardness, is caused by the presence of calcium 
and magnesium bicarbonate, and can largely be removed by boiling the. water. N oncar"1onate 
hardness, permanent hardness, is due principally to the presence of calcium and magnesium sulfate 
or chloride and cannot be removed by boiling. The noncarbonate hardness generally forms a 
harder scale, but there is no difference between the two as far as consumption of soap is concerned. 
Water having a hardness of less than 50 parts per million is generally rated as soft and treat- 
ment for the removal of hardness is rarely justified. Hardness of 50 to 150 parts per million does 
not seriously interfere with the use of water for most purposes, but it does slightly increase tI'
 con- 
sumption of soap; its removal by a softening process is profitable for laundries or other ind'1stries 
that use large quantities of soap. Treatment for the prevention of scale is necessary for t],
 suc- 
cessful operation of steam boilers using water having hardness in the upper part of this range. 
Where the hardness is 200 or 300 Parts per million, or higher, it is common practice to softeIJ water 
for household use or to install cisterns to collect rain water. When municipal water suppP
 are 
softened an attempt is generally made to reduce the hardness to about 60 parts per million. The 
additional improvement from further softening is not deemed worth the added cost. 
The hardness of ground water in Columbia County ranges widely, depending upon the source 
beds, and in eight analyses the hardness is over 200 parts per million (table 4). The wate"" from 
well Cb 576 has a total hardness of 1,700 parts per million, which is an exceedingly high concentration 
for a water not classed as a mineral water. In general, the limestones in Columbia Count: r yield 
the hardest water, and spring water from a given formation-is softer than well water from the same 
formation. 
Hydrogen-ion concentration (pH).-The pH value of a water is the negative exponent of the 
concentration of hydrogen ions in grams per ]iter. Thus a low pH value means a high concentration 
of hydrogen ions, or a high acidic value; a high pH value indicates a low concentration of hydrogen 
ions, or a low acidic value. A neutral water has a pH value of 7.0. The ground waters of CoJumbia 
County range in pH value from 5.4 to 9.1, and have an average value of about 7.0. A determination 
of the pH value should be made immediately after the sample is collected because changes in the 
alkalinity of the water occur upon exposure to the air. The analyses in table 4 were not made 
until several days after the samples were collected, and the pH values reported may not accurately 
represent the original waters at the time they were withdrawn from wells and springs. 
Temperature (0 F.).-When water is used for cooling or air-conditioning, the temperature of 
the water is usually of equal importance to its chemical characteristics. Water having a lovT tem- 
perature is desired, and water that maintains a low temperature consistently' throughout th
 year 
is preferred. In this respect, ground water is superior to surface water. The temperature of the 
surface water reflects directly the local atmospher:ic conditions and may vary from about 32° F. 
to over 80° F. during the course of a year. Ground water, however, regardless of the season, gen- 
erally maintains a temperature only slightly above the mean annual air temperature of the region. 
The temperature of water obtained from shallow wells may vary somewhat during the year but 
the temperature of water obtained from deep wells remains constant. The mean annual air tem- 
perature at Columbia County is about 47° F., and the ground-water temperatures listed in table.3 
3 and 6 indicate an average of about 49° F. One exception is the spring Cb IISp, which is reported 
to have a year-round temperature of 73° F., more than 20° warmer than the average tempe-ature 
of ground water of the area. Consequently it is classified as a "warm spring." The reason for 
the relatively high temperature is not known but it may be related to contact of water with rocks 
heated by movement along a fault. 
An attempt was made to observe the temperature of the ground water at all wells yisited 
but in many places it was found impossible to obtain a reading before the water had passed into 
a storage tank. These tanks are often in heated cellars or next to hot-water pipes, and the tem- 
perature of the stored water is often many degrees higher or lower than the temperature of the water 
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in the well or spring at the point of emergence. - The temperatures listed in tables 3 and 6 htve 
been limited to those that were obtained for water issuing directly from a spring or well. 


Quality of Water in Relation to Rock Type 
Shale.-Included in the classification "shale" are the Nassau formation, the Schodack forma- 
tion, and the N ormanskill shale. In the following discussion the analysis from well Cb 576 will 
not be considered. The total mineral content of ground water in the shale ranges from less than 
100 to more than 500 parts per million and the average is about 260 parts per million. The iron 
content ranges from 0.02 to 0.6 part per million and averages 0.24 part per million. The manganese 
content ranges from less than .01 to 0.06 part per million and averages 0.03 part per million Inore 
than half the samples had no measurable amounts of manganese. The sulfate content ranges from 
10 to almost 70 parts per million and averages about 30 parts per million. The chloride cOIltent 
ranges from 1.0 to 78 parts per million and averages 13 parts per million. Total hardness ranges 
from 22 to 370 parts per million and averages 109 parts per million. The large differences in mir
ral 
corstituents in water from shale is probably due, in part, to the presence of insoluble chert, grit, 
and quartzite beds, and soluble limestone lenses that are interbedded with the shale. 
Limestone.-Among the limestones in Columbia County, are the Stockbridge limestone and 
the Devonian limestones of the "Becraft Mountain outlier. The dissolved solids content of grclnd 
water from these aquifers differs greatly, that from the Stockbridge ranging from 139 to 292 r
ts 
per million and that from the Devonian limestones ranging from 298 to 569 parts per million. The 
iron and chloride content of each group is roughly similar, averaging 0.14 and 6.8 parts per million, 
respectively. The manganese content of each averages less than 0.01 part per million. The water 
from the Devonian limestones is harder and has a higher sulfate content than does water from the 
Stockbridge limestone. Water from the Stockbridge limestone has an average sulfate contert of 
20 parts per million and an average hardness of 249 parts per million. Analyses of water from the 
Devonian limestone, on the other hand, indicate an average sulfate content of 101 parts per million 
and an average hardness of 353 parts per million, thus exceeding the average for ground water in 
the County as a whole. 
Unconsolidated deposits.-According to six analyses shown in table 4, ground water from 
the unconsolidated deposits in Columbia County generally has a lower mineral content than has 
ground water from the consolidated rocks in the County. The dissolved solids in the water from 
unconsolidated aquifers averages 145 parts per million, which is less than half the average mir
ral 
content of water in the consolidated rocks of the County. The average content of chloride and 
sulfate in ground water from the unconsolidated deposits is about 4 and 35 parts per million, respect- 
ively, as compared to an average chloride content of 10 parts per million and a sulfate contert of 
37 parts per million in water from the consolidated rocks of the County. Iron and mangar
se, 
however, are present in somewhat greater concentrations in the unconsolidated deposits than in 
the consolidated deposits. Analyses of ground water from consolidated deposits in the Connty 
show an average hardness of 180 parts per million, whereas water from the unconsolidated deposits 
has an average hardness of only 84 parts per million. This latter figure is low for water cOL
ing 
from aquifers in this part of the State. 
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SUMMARY OF GROUND-WATER CONDITIONS 
Essentially all the ground water in Columbia County originates from precipitation on the 
immediate area. There is no indication of any widespread movement of ground water within the 
County or into the County from adjacent areas. The ground water generally is under water-table 
conditions and flowing wells are not common. No extensive artesian horizons are known to exist 
in the County. 
The consolidated deposits in the area are dense, compact, impervious rocks that yie
d water 
only from joint, bedding, cleavage, or fracture openings. Such openings are difficult to articipate 
and generally tend to pinch out with depth. Yields from the rock wells, therefore, show a consider- 
able range but in most places are low. Yields are generally sufficient to meet domestic and farm 
demands, however, and bedrock consequently has been tapped by numerous wells. Owing to their 
wide area of outcrop, the shales (Nassau, Schodack, and Normanskill) are the most extensively 
tapped aquifers and yield an average of about 6 gallons per minute. The largest yield r
ported 
is 100 gal10ns per minute. The Stockbridge limestone and the Silurian and Devonian linlestones 
of the Becraft outlier show an average yield of 11 gal10ns per minute, but owing to the smaB area 
of outcrop they are less extensively tapped than the shales. The total mineral content of ground 
water from both the limestone and the shale differs greatly. Nearly aB the analyses of water samples 
from the shale show either moderate or low content of those chemical constituents of importance 
in the general use of water. Water from the limestones is generally hard and fairly high in dissolved 
minerals. The Devonian limestones yield water that is higher in dissolved solids than do t
e other 
formations in the County. 
The unconsolidated deposits are the most productive aquifers in the County and water 
from these deposits generaBy has a lower total mineral content than does water from the cons')lidated 
rocks. The glacial drift ranges in character from unassorted tiU through weB-sorted outwash 
deposits, and consequently there is considerable range in yields. The tiB and clay yield Vf.'T'Y little 
water, but the beds of sand and, particularly, gravel, may yield substantial quantities. The out- 
wash deposits in Columbia County have been tapped by only a few wells; the relatively few records 
available show that only small yields have been obtained from unscreened, and largely unde"Teloped, 
weBs. Many records are available of weBs that have passed through "dry" sand and gravel deposits 
to end scores of feet lower in the dense bedrock, which yielded but a few gaBons per minute:. Lack 
of development of the unconsolidated deposits, however, is unwise because the sand and gravel 
may be expected to Yield to properly constructed wells substantial quantities of water that win 
meet the demands of most industrial plants or municipalities. In areas where the glacial deposits 
are susceptible to recharge from nearby streams or lakes, relatively large withdrawals of water can 
be sustained without excessive lowering of water levels. 
The largest Yields in Columbia County are obtained from aBuvial deposits in the Kinderhook 
VaBey. The average Yield from the seven wells of the Kinderhook and Valatie municipal supplies 
that tap the alluvium is about 130 gallons per minute. Scattered alluvial deposits are found near 
the larger streams throughout the County and are subject to river infiltration. If properly tapped 
by a modern, efficient weB or infiltration gaBery that is specificaBy designed to draw water from 
the particular formation present, the alluvium may be expected to Yield large quantities of water. 
The dissolved solids in the water from the unconsolidated rocks in the County is hss than 
half of that from the water in the consolidated rocks of the County. Iron and manganese, }'')wever, 
are present in somewhat greater concentrations in the unconsolidated deposits than in the con- 
solidated deposits. The average hardness of water from the unconsolidated deposits is low for 
water coming from aquifers in this part of the State. 
Future exploration for large quantities of ground water in Columbia County would probably 
be most successful if conducted in glacial and alluvial deposits near bodies of surface water. Large 
supplies developed in deposits not subject to recharge face the possibility of gradual exhaustion. 
Ground water in Columbia County is recovered almost exclusively by means of drill
d wens, 
most of which tap bedrock. In addition there are a few dug and driven wel1s and some springs 
which generally have smaB yields and are of the gravity type. Most of the industry in the County 
is located in areas where municipal supplies can be utilized, and consequently there has b('
n little 
demand for the development of ground water by industries. Th
 total pumpage for industrial 
purposes from privately-owned wells throughout the County is less than 500,000 gallons per day. 
Five of the ten public-supply systems in Columbia County use ground water and the averrge daily 
pumpage is about 700,000 gallons. Half of this total is supplied through the Chatham municipal 
system. The pumpage of ground water for farm and domestic use, exclusive of municipal supplies, 
is estimated at 2 miBion gal10ns per day. This gives a total pumpage of ground water in Columbia 
County of approximately 3.2 million gallons per day. 
There are no known areas in Columbia County where the supply of ground water is being 
critically depleted by overpumpage. On the contrary, the supply is sufficient to meet all present 
demands and is capable of supporting stil1 larger pump age in the future. 


27 



REFERENCES 


Collins, W. D., and Howard, C. S., 1927, Chemical character of waters of Florida: U. S. Gool. Survey 
Water-Supply Paper 596-G. 
, Lamar, W. L., and Lohr, E. W., 1934, The industrial utility of public water SUP1)lies 
in the United States, 1932: U. S. Gool. Survey Water-Supply Paper 658. 
Cook, J. H., 1930, The glacial geology of the caPital district: New York State Mus. Bull. 285. 
, 1942, The glacial geology of the Catskill quadrangle: New York State Mus. Bull. 331, 
pp. 189-238. 
Dale, T. N., 1904, Geology of the Hudson Valley between the Hoosic and the Kinderhook: U. S. Geol. 
Survey Bull. 242. 
Goldring, Winifred, 1943, Geology of the Coxsackie quadrangle: New York State Mus. Bull. 332. 
Meinzer, O. E., 1923a, The occurrence of ground water in the United States, with a discussion of p
in- 
ciples: U. s. Geol. Survey Water-Supply Paper 489. 
, 1923b, Outline of ground-water hydrology, with definitions: U. S. Geol. Survey Water- 
Supply Paper 494. 
Miller, W. J., 1924, The geological history of New York State: New York State Mus. Bull. 255. 
Palmer, H. S., 1921, Ground water in the Southington-Granby area, Conn.: U. S. Gool. Survey Water- 
Supply Paper 466.. 
Pepper, J. F., 1934, The Taconic and Appalachian orogenies in the Hudson River region: Science, 
new ser., vol. 80, p. 186. 
Prindle, L. M., and Knopf, E. G., 1932, Geology of the Taconic quadrangle: Am. Jour. ScL, 5th fp.r., 
vol. 24, pp. 257-302. 
Ruedemann, Rudolf, 1930, Geology of the capital district: New York State Mus. Bull. 285. 
, 1942a, Notes on Ordovician plankton and radiolarian chert of New York: New York 
State Mus. Bull. 327. 
, 1942b, Geology of the Catskill and Kaaterskill quadrangles, Part I: Cambrian and Ordo- 
vician geology of the Catskill quadrangle: New York State Mus. Bull. 33l. 
Steams, N. D., and others, 1937, Thermal springs in the United States: U. S. Geol. Survey Water- 
Supply Paper 679-B. 
Ulrich, E. 0., and Schuchert, Charles, 1902, Paleozoic seas and barriers in eastern North America: 
New York State Mus. Bull. 52, pp. 633-663. . 
Walcott, C. D., 1888, The Taconic system of Emmons, and the use of the name Taconic in geolo,!ic 
nomenclature: Am. Jour. ScL, 3d ser., vol. 35, pp. 229-42, 307-27, 394-40l. 
Wilmarth, M. G., 1938, Lexicon of geologic names of the United States (including Alaska): U. S. GBOI. 
Survey Bull. 896. 
Woodworth, J. B., 1905, Ancient water levels of the Champlain and Hudson Valleys: New York St,;,te 
Mus. Bull. 84. 


28 



Table 5.-DriUers' logs of seleded wells in Columbia County, N. Y. 
(Altitudes are interpolated from the topographic map) 


Cb 12; 11 Y, 3.2S, 3.3E; drilled by William Shaver in 1936; altitude 300 feet. 
Topsoil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay, yellow, no stone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Quicksand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, coarse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rock at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 20; 11Y, 1.9S, 6.1E; driven well; altitude 360 feet. 
Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hardpan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand, black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 40; 11Z, 2.2S, 5.5E; drilled by Goold Bros. in 1932; altitude 700 feet. 
Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Quicksand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hardpan and boulders with sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 61; 11 Y, 5.8S, 4.5E; drilled by W. Shaver in 1936; altitude 320 feet. 
Topsoil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand, fine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, coarse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rock at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 68; 11Y, 4.0S, 3.3E; drilled by W. Shaver in 1930; altitude 310 feet. 
Topsoil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, fine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Quicksand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay......................................................... . 
Gravel, coarse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rock at. . . . . . . . . . . .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 69; llY, 4.6S, 3.0E; drilled by W. Shaver in 1943; altitude 300 feet. 
Topsoil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- . . . . . . . . . . . . 
Gravel, fine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Quicksand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, coarse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Rock at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 83; 11X, 4.4S, 12.7E; drilled by Germantown Artesian Well Co. in 1925; 
altitude 220 feet. 
Clay and hardpan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone, shaly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone, very hard. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 90; llY, 6.0S, 2.4E; drilled by Germantown Artesian Well Co. in 1930; 
altitude 260 feet. . 
Sand......................................................... . 
Clay, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .". . . . . 
Sand, streak of clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hardpan, gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Thickness Depth 
(feet) (feet) 
2 2 
9 11 
25 36 
53 89 
1 90 
90 
10 10 
5 15 
5 20 
18 18 
70 88 
10 98 
41 139 
2 2 
18 20 
25 45 
45 
2 2 
18 20 
76 96 
2 98 
2 100 
100 
1 1 
8 9 
57 66 
4 70 
70 


24 
26 
77 


24 
50 
127 


20 
50 
30 
8 
85 


20 
70 
100 
108 
193 



Table S.-Drillers' logs of selected wells in Columbia County, N. Y. (Continued) 


Cb 91; 11Y, 7.1S, 3.1E; drilled by W. Shaver in 1938; altitude 200 feet. 
Topsoil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, coarse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 121; lIZ, 9.2S, 2.6E; drilled by G. Goold in 1942; altitude 1,000 feet. 
Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone and quartz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Graphite schist, soft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 127; 11Y, 8.0S, 5.6E; drilled by Goold Bros. in 1935; altitude 340 feet. 
Hardpan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale, soft, gray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Slate, red. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mixed limestone and black slate. . . . . .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Thickness n
pth 
(feet) (f

t) 
2 2 
19 21 
10 31 
10 10 
14 24 
46 70 
3 73 
12 12 
17 .29 
17 46 
25 71 
15 15 
14 29 
36 65 
50 50 
50 100 
15 115 
44 159 


Cb 141; 11Y, 9.7S, 0.3E; drilled by Germantown Artesian Well Co. in 1941. 
Broken shaly soil and some clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay, blue and hardpan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cb 218; 11X, 12.6S, 12.5E; drilled well; altitude 140 feet. 
Clay, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hardpan and some gravel.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cb 219; 11X, 13.2S, 12.7E; drilled by Germantown Artesian Well Co. in 1921; 
altitude 140 feet. 
Clay, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 100 
Clay, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 123 
Gravel, medium. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 127 
Shale, gray soft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '. . . . . . . . . . . . . 14 141 
Cb 389; 12Y, 2.6S, 5.3E; drilled by Germantown Artesian Well Co. in 1937; 
altitude 540 feet. 
Soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay mixed with hardpan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Quartzite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 598; 12X, 9.8S, 9.5E; drilled by H. McLean; altitude 190 feet. 
Soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel and quicksand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, clean. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 665; 12Y, 7.7S, 3.6E; drilled by H. McLean in 1945; altitude 750 feet. 
Hardpan and boulders. . . . . .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Slate, black. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb
 682; 12Y, 8.3S, 4.4E; drilled by H. McLean; altitude 620 feet. 
Hardpan and boulders.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Slate, with calcite and quartzite streaks. . . . . . . . . . . . . . . . . . . . . . . . . . . 
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1 1 
26 27 
41 68 
10 78 
22 JOO 
10 10 
10 20 
130 150 
7 157 
123 123 
73 196 
240 240 
210 450 



Table 5.-Drillers' logs of selected wells in Columbia County, N. Y. (Concluded) 


Cb 697; 


12Y, 7.2S, 12.1E; drilled by Goold Bros. in 1944; altitude 720 feet. 
Hardpan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Flint rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Thickness 
(feet) 
16 
60 
2 
19 


Depth 
(feet) 
16 
76 
78 
97 


Cb 698; 12Y, 7.1S, 12.5E; drilled by H. McLean in 1941; altitude 900 feet. 
Hardpan and boulders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 121 
Sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 123 
Rock at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
Cb 733; 12Y, 9.9S, 10.5E; drilled well; altitude 550 feet. 
Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand and muck. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shell marl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay......................................................... . 
Gravel at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 741; 12Y, 13.7S, 11.9E; drilled by H. McLean; altitude 780 feet. 
Clay......................................................... . 
Sand, fine, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 852; 11X, 17.3S, 10.2E; drilled by the Germantown Artesian Well Co.; alti- 
tude 8 feet. 
Clay, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Cb 855; 11Y, 7.1S, 3.1E; drilled by Hall and Co., Inc., in 1947; altitude 200 feet. 
Sand and red clay loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel, coarse, and some sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand, medium black.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cb 862; 11Y, 6.4S, 3.3E; drilled by W. Shaver; altitude 210 feet. 
Topsoil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Clay, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand, fine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sand, coarse. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . 
Rock at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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10 
8 
3 
35 


90 
'88 
26 


10 
18 
21 
56 
56 


90 
178 
204 


110 110 
690 800 
208 1,008 
13 13 
21 34 
1 35 
2 2 
8 10 
30 40 
5 45 
5 50 
50 
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